RESEARCH
Advances in neonatal care have resulted in the improved survival of premature infants locally and internationally. [1] Recent studies [2, 3] suggest that 11.1% of all live births are premature, with premature births in Asia and sub-Saharan Africa accounting for 60% of the total. As a consequence of increased survival of premature infants, morbidity relating to disabilities and developmental delays has also increased. [4] Furthermore, although neonatal intensive care units (NICUs) provide the multidisciplinary support that vulnerable infants need, the high levels of stimulation in these environments place many neonates at risk of developing a range of long-term complications including cerebral palsy, cognitive impairment, hearing loss, visual impairment, language disorders, learning difficulties and behavioural disorders. [1, 3, 5, 6] There is therefore a need to identify and evaluate environmental stressors in the NICU, and to develop protocols to minimise exposure to them.
One of the stressors that has been documented to have a negative effect on the premature infant is exposure to noise. [7] Noise exposure has the potential to influence the process of neural organisation, reinforcing inappropriate neural pathways and placing the neonate at risk of auditory processing disorders and future learning disabilities. [7] Because development of the sensory system occurs in a sequential order, with hearing and vision developing last, [7] these senses may be underdeveloped in premature neonates, yet are frequently reported to receive the most input in the NICU environment. [7] This is significant given the increasing chances of survival of infants born before 28 weeks' gestation, [3] since the human fetus is reported to respond to auditory stimulation from approximately 25 weeks, with auditory maturation occurring by 30 -32 weeks. [7] International and local research indicates that noise levels in the NICU range between 56 and 120 decibels (dB), [7, 8] which has the potential to result in an overwhelming sensory overload and coupled with other sensory input may negatively affect the development of the central nervous system, specifically the auditory system. [7] The American Academy of Pediatrics (AAP) therefore recommends that the combination of mechanical and extraneous noise in incubators should be limited to no more than 45 dB. [5] High levels of noise in the NICU may cause sleep disturbances, physiological instabilities such as fluctuations in heart rate, oxygen saturation levels and blood pressure, and increases in intracranial pressure, as well as hearing impairment (especially when high-frequency noise is coupled with the use of ototoxic medications such as aminoglycosides). [9] Exposure to noise has the potential to affect hearing thresholds, frequency discrimination, sound pattern recognition and localisation of auditory input, and may lead to difficulties in discriminating between speech sounds in the presence of noise, all of which may affect the development of speech and language and consequently affect learning potential. [10] In view of these well-documented effects of exposure to noise in the NICU, efforts to identify sources of noise and to reduce exposure of vulnerable infants to such risks need to be intensified.
Objectives
To identify sources of noise >45 dB in three NICUs in Johannesburg, South Africa, and to determine the sound levels to which neonates in incubators are exposed at various positions in the NICU. These findings were then compared with the standards recommended by the AAP. [5] 
Method
Ethical clearance was obtained from the Human Research Ethics Committee (Medical), University of the Witwatersrand (clearance certificate number M110340). NICUs in two private hospitals (A and B) and one tertiary-level state hospital (C) were studied. Sound-level readings were taken with a calibrated Quest Technologies 210 Sound Level Meter and measured in dB.
At each site, the layout of the NICU was recorded by a sketch documenting the location of the nurses' station and the position of the incubators (Figs 1 -3 ). The nurse-to-patient ratio, occupancy of incubators and loudest source of noise were also documented Background. Exposure to noise in the neonatal intensive care unit (NICU) has the potential to affect neonatal auditory development, sleep patterns and physiological stability, thus impacting on developmental progress. Objectives. This study aimed to identify noise sources in three NICUs in Johannesburg, South Africa, and to determine the sound levels to which neonates in incubators are exposed at various positions in the NICU. These findings were then compared with the standards recommended by the American Academy of Pediatrics (AAP). Methods. A prospective, repeated designs measure was adopted. Sound levels were recorded in five different areas of the NICUs at four different times of the day over the course of 3 days. Data were analysed using descriptive statistics. Results. Sound levels recorded in all the NICUs were considerably higher than those recommended by the AAP, placing vulnerable neonates at risk for developmental disorders. Significantly, most of the noise was human-generated, highlighting the need to develop awareness of the negative effects of noise in the NICU and to implement programmes to reduce noise. Conclusion. The findings have important implications for neonatal care, and highlight the importance of noise reduction and monitoring strategies in the NICU.
( Table 1 ). Additional sources of noise >45 dB were identified and documented ( Table 2) .
A prospective, repeated measures design was adopted and carried out over a period of 3 consecutive days at each site. Sound-level readings were measured in incubators at five different areas in each NICU at four times of the day (during shift changes, at feeding times, during visiting hours, and during 'quiet time' in hospitals that adopted this approach as a means to reduce noise levels), as depicted in Table 3 . Measurements were taken with the neonate inside the incubator, with the sound-level meter situated next to the neonate's head. A total of five readings were taken in each incubator at each of the specified times on each day, averaged to determine the loudest and softest readings, and then averaged across the 3 days of data collection (Table 3) . Averaged readings were compared with other readings obtained at other areas in the NICU, as well as across the three study sites.
Data were analysed using descriptive statistics by the authors and verified by a statistician. Ranges, means and standard deviations (SDs) were computed for each area of data collection at each site in order to obtain simple summaries of the sample and the measurements taken. This exploratory data analysis method was deemed appropriate, since it allowed for comparison with the recommended AAP levels. [5] 
Results
Floor plans, numbers of incubators and nurse-to-patient ratios were found to vary between the units. All the sound sources >45 dB, with the exception of a high-frequency oscillatory ventilator (hospital C), were identified as human-generated noise. The loudest sound sources were an air vent (hospital A), a nurses' tea room (hospital B), and sounds generated at the entrance to the NICU (hospital C) ( Table 1) . These sounds ranged from 14.8 dB to 22.6 dB above the standards recommended by the AAP. [5] However, when these sounds were combined with other mechanical sounds, as well as sounds generated by the baby in the incubator, sound levels in incubators rose to as much as 88.4 dB (Table 3 ) -43.4 dB above the standards recommended by the AAP. [5] Furthermore, a considerable variation existed between the minimum and maximum sound levels obtained inside the incubators in each hospital ( Table 3) , all of which were greater than those recommended by the AAP. [4] Hospital B had both the lowest minimum sound levels and the loudest maximum sound levels, resulting in the greatest SDs.
Discussion
Noise levels in studies of NICU environments are significantly higher than those recommended by the AAP, [5] placing vulnerable neonates at risk of a variety of developmental complications. [1, 3, 6] While little has been published on sources of noise and documented noise levels in the NICU environment, our results appear to be consistent with previous local and international findings. [7, 8] Although we found variations in occupancy rates, nurse-to-patient ratios and individual treatment regimens, no clear patterns emerged regarding differences between the NICUs in this study.
Consistent with other studies investigating noise levels in the NICU, [8] the majority of noise sources identified were humangenerated and can therefore be targeted in an attempt to minimise exposure of vulnerable neonates to stressful situations. Strategies to decrease human-generated noise levels are relatively simple and need not involve major costs. They include decreasing the levels of staff conversations, using rubber-soled shoes, turning down volumes of telephones and alarms, creating rubber barriers on filing cabinets and drawers, and muting the volume on the television. Audiologists therefore need to establish and implement noise assessment and monitoring programmes, and to engage in awareness and prevention campaigns with NICU staff. Such protocols are consistent with occupational hearing programmes in the NICU setting, and should be extended to include regular assessment and control of noise levels, regular hearing screening and personal exposure monitoring for each neonate, and implementation of engineering and administrative controls. Furthermore, personal protective equipment such as hearing protection devices may be deemed necessary, depending on the infant's length of stay in the NICU.
Although the findings of this study cannot be generalised to all NICUs in the South African context, they are consistent with another local study conducted in a state hospital. [8] They also provide insight into the positioning of incubators and sound sources, and may therefore help guide best practice in terms of limiting neonates to noise exposure.
Conclusion
Although our findings reflect unacceptably high noise levels in all three NICUs, the results should be interpreted with caution, taking into consideration the limitations imposed by the design of the study. Firstly, the NICU environments did not remain constant over the 3-day period, as new babies were admitted, while others were discharged or transferred to high care. Secondly, the incubators in which sound levels were recorded were observed to have different care environments, including neonates being placed on an oscillatory ventilator, and others receiving supplementary oxygen through nasal prongs. These variations should be taken into consideration in any noise-monitoring protocol. Lastly, readings taken over a short period may result in findings not being as representative as they could be, and averages should therefore ideally be taken over the period of a full day. Further research implications include replication of the current study with larger sample sizes and careful consideration of the limitations identified, as well as monitoring of the physiological effects of noise in the NICU. 
